SUMMARY The incidence and degree of patchiness of mucosal abnormality in both coeliac disease (CD) and dermatitis herpetiformis (DH) is documented. As judged by both stereomicroscopy and subjective histology, patchiness occurred frequently in both CD and DH patients. In most cases the difference of abnormality was of only one grade, but in approximately 25% as assessed by stereomicroscopy and 10% as assessed by histology the difference was of two or more grades. In control subjects with normal small bowel mucosa the variation of the mucosal appearance between the duodenum and proximal jejunum was studied. Contrary to popular belief, no significant difference of villous and crypt measurements or of apparent villous 'bridging' and 'branching' betWeen these two sites was found, if only well-orientated sections were studied. The stereomicroscopic appearances were also similar at these two sites, although villi tended to be broader in the duodenal biopsies. The duodenal-jejunal variation was also studied in CD and DH patients and, although by both stereomicroscopy and subjective histology the appearances were similar in most patients, in approximately 33% the duodenal abnormality was the more severe and, surprisingly,
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Coeliac disease (CD) may be defined as '. . . the condition in which there is an abnormal jejunal mucosa that responds morphologically to treatment with a gluten-free diet' (Booth, 1970) . Thus criteria for recognition of improvement are crucial.
It is known that the mucosal lesion of CD varies with the level (MacDonald et al., 1964; Stewart etal., 1967) and thus improvement must be assessed at the same level. Obviously to assess improvement at a particular level one must first determine the degree of any variation in morphology-that is, patchiness -which might occur at the same level. It is apparently widely assumed that there is no significant patchiness, as most published reports of CD patients responding morphologically to treatment are based on the evidence of single biopsies. With the advent of suitable instruments for taking multiple biopsies (Brandborg et al., 1959; Baker and Hughes, 1960; Flick et al., 1961) , it has been possible to assess patchiness, but apparently no formal study of this has been undertaken. There are divergent opinions about patchiness, some leading workers in North America denying its existence in untreated CD (Jeffries et al., 1968; Brow et al., 1971; Gebhard et al., 1974) , whereas many isolated cases of this have been reported from the United Kingdom (Holmes et al., 1961; Hourihane, 1963; Scott et al., 1964; Spiro et al., 1964; Roy-Choudhury et al., 1966; Girdwood et al., 1966; Thompson, 1974) . In DH there is less disagreement and some have taken the existence of patchiness as evidence for a different mucosal lesion in that condition (Brow et al., 1971; Gebhard et al., 1974) .
The above definition of CD specifies a response of the jejunal mucosa and, indeed, the site of biopsy preferred by most workers and recommended by Rubin and Dobbins (1965) is the jejunum just past the duodenojejunal junction (ligament of Treitz). However, many studies have relied on duodenal biopsies which are obtained more readily especially in children (Rubin et al., 1960) and thus it is import-ant to assess the value of duodenal biopsies in the diagnosis of CD. Various differences between biopsies from these two sites have been claimed in control subjects (Roy-Choudhury et al., 1966; Rubin et al., 1960; Broitman et al., 1970) and Rubin (1961) has recommended that the proximal three-quarters of the duodenum be avoided bcause of mild nonspecific abnormalities. However, one study (Stewart et al., 1967) has shown no significant difference in the appearance of biopsies taken from the lower duodenum and upper jejunum. Aformal comparison between duodenal and jejunal biopsies in control subjects is required.
As the mucosal abnormality in CD tends to be more severe proximally (MacDonald et al., 1964; Stewart et al., 1967) (Robinson et al., 1971; Stevens et al., 1975) and in patients with dermatitis herpetiformis (Weinstein, 1974) .
This study was therefore designed to document the incidence and degree of patchiness in CD and DH, to compare duodenal with jejunal biopsies in control subjects, and to assess variation between these two sites in patients with CD and DH. Because of the large number of biopsies, it was not practicable to study them all by objective histological measurements and most were therefore studied just by stereomicroscopy and by blind subjective histological assessment after validation of that technique as described by Rubin et al. (1960) .
Methods

BIOPSY ASSESSMENT
Biopsies were taken under fluoroscopic control from the distal end of the second part of the duodenum and from just past the duodenojejunal junction, with the hydraulic multiple biopsy instrument (Quinton Instruments, Seattle). They were assessed by stereomicroscopy, subjective histology, and, in some cases, 3 by objective histological measurements as follows: Stereomicroscopy All biopsies were graded by one of the authors, within minutes of obtaining them, as villous (distinct finger or leaf-shaped structures with the long diameter less than 10 times the shorter), ridged (the long diameter more than 10 times the shorter), convoluted (ridges containing a minimum of two angulations of 900 or less), or flat (no villi, ridges, or convolutions present).
Subjective histology The stained sections of the biopsies were graded as grade 1 (normal, no shortening of villi or lengthening of crypts); grade 2 (slight partial villous atrophy; slight shortening of villi); grade 3 (marked partial villous atrophy; marked shortening of villi); grade 4 (subtotal villous atrophy, no definite villous structure). The subjective assessments were performed blindly by one of the authors-that is, the slides were randomly mixed and presented without any identification. Objective assessment The stained sections were projected at a magnification of 500 on to a screen. The best orientated part of the specimen was selected for study, this usually consisting of five or six villi in the middle of the section. Poorly orientated sections were discarded. The following two measurements were made: (1) total mucosal thickness (M)-the distance from the muscularis mucosae to the mean position of the villous tips or to the flat surface in the case of subtotal villous atrophy, and (2) the crypt depth (C)-the distance from the muscularis mucosae to the dilatation of the crypt at the start of a villus. The average measurement of all wellexposed crypts was taken (usually three). The following indices were calculated from these measurements: (1) mean villus height (V)-that is, the difference between total mucosal thickness (M) and the mean crypt depth (C), (2) the ratio of villus height to crypt depth (V/C), and (3) the ratio of villus height to total mucosal thickness (V/M).
Validation of subjective assessment Twenty-five biopsies showing varying grades of abnormality were selected and independently graded by five gastroenterologists (including one of the authors) into the four grades already defined. The same biopsies were then objectively assessed by villous and crypt measurements and the two assessments compared. To judge the accuracy of distinguishing normal (grade 1) from abnormal, a control range of indices was determined byselectingthebestorientated biopsies taken from just past the duodenojejunal junction from 19 patients in whom no organic disease had been found after extensive investigation. Most of these were considered to have the irritable colon syndrome. Thirty-one biopsies from these 19 patients were subjected to the objective assessment. The appearances of biopsies taken from just past the duodenojejunal junction and from the second part of the duodenum were compared by both stereomicroscopic and subjective histological grading. Forty-four sets of biopsies were available for comparison by stereomicroscopy and 38 by histology (six sets were unsuitable because of poor orientation). The comparison was made of the worst grade at each site.
Results
VALIDATION OF SUBJECTIVE HISTOLOGICAL ASSESSMENT
The histological grading of the 25 biopsies made by five gastroenterologists independently and without knowledge of the patients is shown in Table 2 . There was complete agreement on the grading in 48 % of biopsies and there was a difference of more than one grade in only one. The majority decision was accepted for each biopsy. Thus there were six grade 1, eight grade 2, four grade 3, and seven grade 4 biopsies for the correlation with objective measurements of crypts and villi. The correlation was very good, as shown in Fig. 1 Fig. 1 that the subjective assessment gives good separation of normal from abnormal as decided by objective measurements. This separation was best with the villus to crypt and villus to mucosal thickness ratios. The incidence and degree of patchiness in the duodenum and jejunum is shown in Fig. 2 .
DUODENAL-JEJUNAL VARIATION IN CONTROLS
By stereomicroscopy therewas no difference ofvillous appearances in nine (53%) of the 17 comparisons. In three (18 %) leaf-shaped villi were broader in the duodenum, in three (18%) finger-shaped villi were more prominent in the jejunum. In one patient ridges were seen in the duodenum and in another ridges were seen in the jejunum. The mean and SD of the objective measurements are shown for each site in Table 4 . There was no significant difference between duodenum and jejunum for any of the measurements (Student's paired t test). However, the villi tended to be higher and the crypts shorter in the jejunal biopsies. There was no significant difference between the incidence of villous 'branching' and 'bridging' in well orientated parts of duodenal and jejunal biopsies. Four of the duodenal biopsies showed 'branching' compared with six of the jejunal biopsies. Three of the duodenal biopsies showed 'bridging' compared with one of the jejunal biopsies. However, if less well orientated parts of biopsies were studied, 'bridging' and 'branching' were much more common, and duodenal biopsies tended to be less well orientated, possibly because of the presence of large collections of Brunner's glands that prevented the biopsies lying flat when being mounted before fixing.
DUODENAL-JEJUNAL VARIATION IN CD AND DH PATIENTS
The results of comparing the appearance of the worst duodenal biopsy with the worst jejunal biopsy on each occasion are shown in Table 5 . The differences were usually of one grade but in six a difference of more than one grade was found by stereomicroscopy and in two by subjective histology. The differences were similar in patients with CD and DH. The duodenal-jejunal differences were as common in patients before treatment with a GFD as in those on treatment; the duodenal appearance being worse in three of nine CD patients and one of three DH patients, and the jejunal appearance being worse in one of the CD patients and in two of the DH patients. Figure 3 is an example of duodenaljejunal variation in which the jejunal biopsy is more severely abnormal.
Discussion
PATCHINESS
On assessment by stereomicroscopy or subjective histology (which was adequately validated) the The sum of these numbers exceeds the total number of patients as some patients exhibited a different pattern on repeat biopsy. (Brow et al., 1971; Gebhard et al., 1974) .
DUODENAL-JEJUNAL VARIATION
In control subjects without evidence of small bowel disease stereomicroscopy showed that the villi tended to be broader in the duodenum compared with the jejunum and this agrees with the findings of Roy-Choudhury et al. (1966) . Ridges were seen in two control subjects; in one they were seen in the jejunum and in the other in the duodenum. By objective histological assessment there was no significant difference of any of the measurements between duodenum and jejunum, although villi tended to be taller and crypts shorter in the jejunum. Rubin et al. (1960) found that objective measurements of surface epithelial density in the duodenum also did not differ significantly from those observed in the jejunum, although the duodenal villi tended to be branched, fused at the tips, or shorter and wider than jejunal villi. It was noteworthy, therefore, that sections from duodenal biopsies tended to be less well orientated (probably because of the presence of Brunner's glands which often prevent the specimens from being laid flat when mounted before fixing) and among such badly orientated sections there was a high incidence of apparent 'branching' and 'bridging' of villi which might be responsible for the impression that duodenal biopsies are more abnormal than are jejunal. However, using only wellorientated sections, there was no significant difference in the incidence of these features between duodenum and jejunum in this study.
In assessing mucosal abnormality it would therefore appear that duodenal biopsies are satisfactory as long as only well-orientated sections are used and if the rare case of massive infiltration of the mucosa with Brunner's glands is recognised (Rubin et al., 1960) . Moreover, it may be that such biopsies are preferable if mild cases of CD are to be detected, as, in general, the mucosal abnormality of CD is more severe proximally. Certainly, this study has shown that, in CD patients, the duodenal appearances vary considerably from those in the jejunum-the appearances being uniform in only half, the appearance in the duodenum being worse in one-third, and, suprisingly, the jejunal appearance being worse in the remainder. The chances of detecting a mucosal abnormality are obviously greater if both sites are biopsied. It is therefore suggested that, to detect a mucosal abnormality, several biopsies should be taken from at least both these sites. In assessing response to treatment it will usually be necessary to compare multiple biopsies taken from the same level. 
